In the past fifty years, no recorded case of botulism has been attributed to surface ripened cheese (NIeyer and Eddie, 1950). When cheese spread was prepared from one type of surface ripened cheese, botulinum toxin was demonstrated in only one out of several million jars (Dauer, 1952). The fact that botulism was never observed with the original surface ripened cheese from which cheese spreads were made may be because, in the preparation of cheese spreads, the natural microbial flora is altered by heat. Subsequently, the heat resistant spores of Clostridium botulinum may germinate and produce toxin (Wagenaar and Dack, 1958 (1958). The spores were harvested by centrifugation and repeated washing with phosphate buffer (pH 7) and heated at 85 C for 10 min in order to heat shock them and destroy any toxin which may have been present. Counts of spores were made by seeding beef infusion agar with appropriate dilutions of the stock spore suspension in oval Prickett tubes. This agar was stratified with approximately 2 cm of 2 per cent agar containing 0.2 per cent sodium thioglycolate to create anaerobiosis.
In the past fifty years, no recorded case of botulism has been attributed to surface ripened cheese (NIeyer and Eddie, 1950) . When cheese spread was prepared from one type of surface ripened cheese, botulinum toxin was demonstrated in only one out of several million jars (Dauer, 1952) . The fact that botulism was never observed with the original surface ripened cheese from which cheese spreads were made may be because, in the preparation of cheese spreads, the natural microbial flora is altered by heat. Subsequently, the heat resistant spores of Clostridium botulinum may germinate and produce toxin (Wagenaar and Dack, 1958) . The purpose of this investigation is to search for a growth inhibiting factor(s) for C. botulinum and certain molds in types I and III surface ripened cheeses.'
MATERIALS AND METHODS
Cultural methods. A culture of type A C. botulinum (strain T) was obtained from the Department of Microbiology, University of Chicago. The stock culture was transferred semiannually in Rosenow brain broth, incubated for 10 days at 30 C and stored at 4 C. Spore suspensions of C. botulinum were produced in 5 per cent trypticase broth at 30 C in anaerobic desiccators as described by Wagenaar and Dack (1958) . The spores were harvested by centrifugation and repeated washing with phosphate buffer (pH 7) and heated at 85 C for 10 min in order to heat shock them and destroy any toxin which may have been present. Counts of spores were made by seeding beef infusion agar with appropriate dilutions of the stock spore suspension in oval Prickett tubes. This agar was stratified with approximately 2 cm of 2 per cent agar containing 0.2 per cent sodium thioglycolate to create anaerobiosis.
The following mold cultures were employed: Penicillium italicum, P. expansum, P. digitatum, P. camemberti, and a contaminant species of Penicillium isolated 1 This study was supported by a grant from the National Cheese Institute. 2 The data in this report were taken in part from material presented by N. 23 and 30 days. The bulk lot of type I cheese was stored at 2 to 4 C after arrival at this laboratory. The effect of length of storage at 2 to 4 C on the ability of the cheese to support growth and toxin production of C. botulinum was studied. The first experiment was done as soon as possible after the cheese arrived. Four additional experiments were conducted at biweekly intervals. For each experiment, an appropriate portion was removed from the bulk cheese and made into a cheese preparation as described by Wagenaar and Dack (1958) . Approximately 10 per cent of distilled water was added to the preparation to yield a favorable brine concentration for bacterial growth in the basic spread. The normal salt content of surface ripened cheese, type I, was in excess of 3 per cent. Reagent grade NaCl was added to some of the samples to yield series having approximately 3.0, 3.5, 4.0, 4.5, and 5.0 per cent of salt. The cheese was pasteurized at 90 C for 10 min in a water bath, cooled, and inoculated with approximately 100 spores of type A C. botulinum (strain T) per g of cheese.
Cheese portions of 30 g each were weighed into sterile 25 by 150 mm culture tubes under a Blickman4 hood. The remaining cheese portions were analyzed for pH, NaCl, and moisture content. The entire 30 tubes were placed into a desiccator jar. Anaerobiosis was established by 25 g of pyrogallic acid mixed with 25 g of sodium carbonate and 100 ml of H20, and evacuation of the atmosphere using Dack's anaerobic apparatus (Jordan and Burrows, 1945 Obviously, actual germination of spores and vegetative growth occurred some time prior to toxin formation; however, it was assumed that the presence of detectable amounts of toxin reflected actual vigorous growth and that growth which did not produce detectable amounts of toxin was insignificant.
RESULTS
Toxin production. Three series of experiments using different bulk lots of type I cheese were performed. Each lot contained a sufficient amount of cheese for five individual experiments spaced at biweekly intervals. In addition, two experiments were performed employing type I cheese stored for 14 and 15 weeks at 2 to 4 C. After inoculation with spores of type A C. botulinum, the tubes were incubated anaerobically at 30 C, and representative tubes were removed for toxin and pH analyses after 3, 7, 14, 30, and 60 days of incubation. A total of 480 tubes were analyzed for the presence of toxin. As was evident from the summary of results in figure 1, aged cheese was less favorable for growth and toxin production of C. botulinum than fresh cheese. Growth inhibition of C. botulinum became 5Beckman Instruments, Inc., Ftillerton, California. 6 Jenisen-Salsbery Laboratories, Inc., Kansas City, Mlis-,souiri. apparent after type I cheese was stored at 2 to 4 C for 8 weeks or longer.
As a rule, botulinum toxin was demonstrated in cheese preparations inoculated with spores of C. botulinum after 7 days of incubation at 30 C. Toxic samples were detected in 3 days in only two instances. In older cheese the incubation period was prolonged to 60 days before the cheese became toxic. At higher NaCl concentrations, growth was retarded. Therefore, varying quantities of NaCl were added in order to obtain a gradation of the growth response in different samples of the same experiment. The inhibitory action due to the age of the cheese seemed to be additive with the inhibitory effect of increasing concentrations of NaCl. Therefore, the variation of the highest level of NaCl brine concentration at which toxin production occurred can be taken as an indication of the magnitude of the inhibitory action due to the age of the cheese.
A representative plot of highest NaCl brine concentrations at which toxin was produced (figure 2) indicates that during storage of type I cheese at 2 to 4 C some changes occur which make the cheese most favorable for growth of C. botulinum. This change occurs after 4 to 6 weeks of storage and thereafter the cheese becomes increasingly inhibitory to C. botulinum.
In all three series, type I cheese stored for 8 weeks at 2 to 4 C before experimental inoculation yielded the lowest number of toxic samples and required the longest incubation period for toxin production. The inhibition I cheese spread inoculated with spores of type A Clostridiu7n botulinum. The tubes of cheese spread were prepared from bulk samples of type I cheese stored at 2 to 4 C for the weeks indicated after which they were inoculated with botulinum spores and inctibated anaerobically at 30 C.
INHIBITION OF MICROBIAL GROWTH IN SURFACE RIPENED CHEESE
of C. botulinum was even more pronouinced in type I cheese stored for periods longer than 8 weeks at 2 to 4 C. Fresh cheese seemed to be somewhat inferior as a growth medium for C. botulinum compared with cheese stored at 2 to 4 C for 4 to 6 weeks. Analogous conclusions could be made from work with type III cheese.
An interesting similarity of the action of NaCl and the inhibitory factor(s) of aged cheese was the "skipping effect" consisting of inconsistent C. botulinum activity in a series of similar samples. This effect appeared in samples containing high NaCl concentrations or in cheese stored for long periods at 2 to 4 C.
Changes in pH. Although the pH changes of the individual lots of type I cheese during 8 weeks of storage at 2 to 4 C were different in magnitude, they followed a well defined trend (figure 3). A rise in pH toward the alkaline range could be observed during the initial 6 weeks of refrigerated storage of type I cheese. Thereafter the pH was stable for a considerable period of time. As will be evident from the results of fatty acid analyses described in a subsequent paper, there appeared to be some converse proportionality between the level of fatty acids and the pH values. However, it is not known whether this reflects a significant rela- After inoculation with C. botulinum and anaerobic incubation at 30 C in a vacuum containing 10 per cent C02, the slope of the pH curve reversed toward more acid values and exhibited relatively uniform changes of pH during 60 days of incubation (figure 4). Samples which showed C. botulinum activity exhibited, as a rule, a greater decrease in pH than samples that did not contain toxin. P. camemberti grew best on type III cheese aged for 4 weeks at 2 to 4 C. Better growth was observed on the inner portion of the cheese cake than on the surface portion. This difference in growth response suggested that the inhibitor of mold growth is formed on the surface of the cake and slowly diffuses into the inner portion of the cake. Thus in very old cheese, in which concentration equilibrium probably has been reached, no difference between the surface and center portion of the cake was observed. The diffusion effect was also indicated by the difference in pH of the surface and the center portion in moderately aged and in old cheese. In moderately aged cheese the pH difference between the surface and the center portion of the cake is large (0.56) as compared with such difference in cheese aged for a longer time (0.35). Since the cheese becomes more alkaline as it ages and since the surface portion consistently has a more alkaline pH it is logical to think of the pH changes as a function of diffusion. Analogously, the concentration of the inhibitor of mold growth in different parts of the cake could be thought of as a function of diffusion from the surface to the center of the cheese cake.
P. camemberti and the contaminant Penicillium spp. mold grew well on most cheese samples aged for less than 8 weeks at 2 to 4 C. Heat treatment of the cheese at 121 C for 15 min improved the cheese as growth media for all molds used in this study.
P. expansum, P. italicum, and P. digitatum did not grow on most of the cheese samples. Growth could only be obtained on fresh and moderately ripened samples which were heated at 121 C for 15 min. DISCUSSION
In spite of the complexity of the system investigated, consistent data were obtained. This points to the fact that the occurrence of inhibition of C. botulinum in aged, surface ripened cheese is of a general nature. Growth inhibition in aged, surface ripened cheese may possibly be explained by the following factors:
1. Fatty acids in cheese increase in the course of the normal ripening process (Van Slyke and Price, 1952) . Roth and Halvorson (1952) showed that rancid fatty acids inhibited the germination of C. botulinum spores. A detailed study of the fatty acids in type I cheese during storage at 2 to 4 C was conducted, and the results will be presented in a separate paper.
2. The pH was considered as a possible growth limiting factor. Dozier (1924) found that optimal pH values in a veal infusion peptone medium were 6.0 to 8.2 for vegetative cells, and 6.0 to 7.2 for spores. Growth of C. botulinum occurred in the pH range 5 to 9. Numerous subsequent studies have essentially supported her findings. A relation of various pH levels in types I and III cheese to the activity of C. botulinum leads to the conclusion that the natural range of pH variations occurring in moderately ripened type I and III cheese does not inhibit the growth of C. botulinum. Exceptional are perhaps the low pH values in fresh cheese (for example, pH 5.7), in which the growth of C. botutinum is somewhat retarded as compared with aged cheese having a more alkaline pH. However, the slight retardation of growth of C. botulinum in fresh cheese is of secondary significance compared with the pronounced inhibition of C. botulinum in cheese stored at 2 to 4 C for 8 weeks or longer. On the scale of the total pH variations in types I and III cheese this significant inhibition occurred at the most favorable pH range in each individual lot of cheese. It may be concluded, therefore, that the pH did not contribute to the inhibition of C. botulinum in aged cheese.
3. The inhibition of C. botulinum observed in aged surface ripened cheese may also be of an antibiotic nature. As already stated, the cheese stored for 4 to 6 weeks at 2 to 4 C is most favorable for the growth and toxin production of C. botulinum. The favorable conditions may be due to breakdown of proteins and other complex compounds similar to that known to occur in cheese during the curing process. The pH shifts to a more favorable range. It may be assumed that these conditions are also favorable for the growth of a number of organisms present in the natural flora of the cheese. An organism which produces a growth inhibitory compound may grow at the refrigeration temperatures used in storage of cheese. The observations with molds indicate that the inhibitory agent is formed at the surface of the type III cheese cake and slowly penetrates toward the center. This points to an aerobic process for the development of the inhibiting agent.
Additional work is needed to elucidate the phenomenon of inhibition of C. botulinum in aged cheese. Food poisoning organisms other than C. botulinum have not been associated with food poisoning outbreaks in aged, surface ripened cheese.
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Fresh type I cheese (less than 2 weeks of storage at 2 to 4 C) was less favorable for growth and toxin production of C. botulinum, probably because of the relatively low pH of this cheese (5.7 to 5.8). The pH of type I and type III surface ripened cheese became progressively more alkaline during storage at 2 to 4 C, and progressively more acid during anaerobic incubation at 30 C in a vacuum containing 10 per cent CO2.
Heating at 121 C for 15 min slightly improved the cheese as a growth medium for several species of Penicillium. Mold growth on a cheese slice was more abundant on the center portion of the type III cheese cake than on the surface portion.
Possible explanations of the origin of the growth inhibitory activity of aged, surface ripened cheese are discussed.
Attempts to work out suitable media for the growth of Torutlopsis utilis on a large scale and thereby obtain food yeast with a high protein content have met with success (Read, 1947; Agarwal et al., 1947; Floro et al., 1948; Rosenquist, 1949) . However, the yeast obtained so far has not been found fully acceptable as a food product because of its peculiar odor and taste. Mutant strains of the yeast were developed therefore in this laboratory by X-ray irradiations in order to explore whether a strain can be obtained which would be free from the above mentioned defects and that would, in addition, grow faster and produce better yields. The results of investigations on some of the mutant strains developed are recorded in this paper.
MATERIALS AND METHODS
Torulopsis utilis var. major was obtained from the Commonwealth Mycological Institute, Kew Garden, U. K., and will be referred to as strain T. Fresh subcultured strains of T were irradiated with different amounts of X-ray by exposing them to 250 kv X-ray, 15 ma, unfiltered, 18 cm target to object distance at room temperature. Those strains obtained by irradiating with 360 and 20,000 r were selected for investigation.
Strain T was irradiated with 360 and 20,000 r. The irradiated strains were subcultured in Petri dishes by dilution method using agar medium until a single colony of cells of uniform size was obtained. The strains, which will be referred to as strain T 360 and T 20,000, were maintained on agar slants. They were subcultured 20 times before they were used.
An additional mutant strain was developed from T 20,000 as follows: Fresh cultures of T 20,000 were heated for 30 min in a water bath at 60 C. The surviving cells were subcultured and maintained by the same method as that used for the other strains. This strain will be referred to as T 20,OOOH.
Inoculums of strains T, T 360, T 20,000, and T 20,000H were prepared by growing them in synthetic medium for 24 hr. They were diluted with sterile water so that 1 ml diluted to 10 ml would give a Klett colorimetric reading of 100 at 420 m,u.
Ten ml of the diluted inoculum were added to 200 ml of the synthetic medium1 in conical flasks. The flasks were placed on a rotary shaker at 30 C. At different periods of fermentation, some flasks from each group were removed and the yeast cells collected by filtration. The sugar content of the filtrate and the yield of yeast cells were determined. For the collection of yeast for complete chemical analysis, the fermentation was allowed to progress in some flasks until the optimal growth was reached.
Standard methods given in AOAC (1955) were used for the chemical analysis of the yeast samples. The essential amino acid and vitamin contents of the yeast samples were estimated by the microbiological assay method (Barton-Wright, 1952) . For the estimation of nonessential amino acids, the protein hydrolyzate was prepared and the amino acids estimated according to the method of Rao and Wadhwani (1955) .
RESULTS AND DISCUSSION
The growth of various strains of T. utilis var. major is shown in figure 1. A 
